Reports on synergistic actions of toxic combustion gas mixtures generated in fires are critically reviewed and claims on synergism are tested by the toxicity index concept developed by the author.
INTRODUCTION CARBON MONOXIDE (CO) IS THE MOST COMMON TOXIC GAS IN FIRES, BUT
there are numerous published reports of the combined actions of CO when accompanied by another toxic gas, such as CO2, HCN, HCI, HF, or NOx' Among the various combinations of toxic gases, the combination of CO and HCN has most often been studied because of the similarities in their narcotic actions. This paper reviews briefly some of the work that has been done on combinations of toxic gases as they relate to the synergistic effects of these combinations. Synergism, according to Webster's 9th New College Dictionary (1983) , is the &dquo;interaction of discrete agencies or agents such that the total eflect is greater than the sum of the individual effects :'
CO-HCN COMBINATION
He found that 0.25% CO alone and 45 ppm HCN alone caused paralysis, while the same effect was achieved with a mixture of 0.1% CO and 18 ppm HCN. Hofer's experimental data and the present author's toxicity index calculations [2] are shown in Fable 1. The toxicity index of an atmosphere containing toxic gases is expressed assuming simple addition of individual effects as follows:
where Ce is the concentration of a toxic gas and C, is the lethal concentration of the same gas. In Table 1 [4] determined the LCso (lethal concentration for 50% of the test specimens) for rats and mice when exposed to HF, HCI, N02, or HCN singly and combined with CO. Concentrations of CO to achieve 25% COHb (carboxyhemoglobin) were used in the study of com- [3] ).
bined effects; the concentrations were 1,500 ppm for mice and 2,100 ppm for rats. A group of 10 rats and 15 mice were exposed for 5 minutes and the mortality was determined 7 days later. Higgins and others [4] found that the combined gases did not enhance the toxicity effect over that of the individual gases.
Mohler [5] , referring to the paper of Higgins and others [4] Lynch [6] exposed rats to CO and HCN singly and in combinations and measured the inhalation LCtso (concentration-time product that killed 50% of the test specimens). Using techniques of probit analysis, he concluded that within the sensitivity of the measurements the toxicities of the two gases appeared to be purely additive.
Pryor Purser and Grimshaw [12] exposed monkeys to oxidative pyrolysis products of polyurethane and polyacrylonitrile and determined incapacitation times. They compared the mean data for polyurethane and the regression line for polyacrylonitrile. Incapacitation occurred after 20 minutes in a mixture of 115 ppm HCN and 1016 ppm CO generated from polyurethane foams, and in the other case, after 22 minutes in 115 ppm HCN and 0 ppm CO generated from polyacrylonitrile. The effect of the presence of CO was small. Purser and Grishaw stated, &dquo;On theoretical grounds, a strong additive effect of CO and HCN would not be expected since the main effect of CO is to impair the carriage of oxygen in the blood and its delivery to the tissues, while that of HCN is to prevent the tissues from using the oxygen supplied.&dquo; Table 5 . Combined effect of toxic components of fire gas.
-------Sakurai [13] exposed mice to six toxic gases, including CO, NH3, NO2, HCI, HCN, and CO2, which he used singly and in two-or threecomponent mixtures, and measured the times for incapacitation and death. His data were examined by Tsuchiya and Nakaya using their numerical method [14] Gaume and others [16] determined the collapse time of mice by exposing them to single, double, and triple gas mixtures of CO, CO2, and NH3' They found that double gas mixtures extended the time to collapse, and triple gas mixtures extended it further, indicating negative synergism or antagonism.
Saito [17] 
